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Obstruction of Right Ventricular Outflow Tract Caused by
Intracavitary Metastatic Disease : Analysis of 14 Cases
SHERIF B. LABIB, MD, EDGAR C. SCHICK, JR ., MD, FACC, JEFFREY M. ISNER, MD, FACC*
Burlington and Boston, Maararhusctts
Obstruction of the right ventricular outflow tract from metastatic
disease is rare
. Eleven previous case reports and three new cases
are presented. Two tumor types (pancreas and breast), not
previously associated with right ventricular outflow tract obstruc-
tion, are included . Congestive symptoms, systolic murmur and
right axis deviation or right bundle branch conduction abnormal-
ity were universal features.
Echocardiography is valuable in the delineation of metastatic
cardiac involvement and the detection of intracardiac gradients.
Adverse hemodynamte consequences developed in 3 of 10 patients
Secondary involvement of the heart in malignant disease
occurs in 6% to 20% of autopsy patients with carcinoma
(1,2). Metastatic disease involves the right side of the heart
more often than the left (3) and is clinically silent in the
majority of patients . Metastatic lesions large enough to
cause right ventricular outflow tract obstruction are rare .
Only I I such cases have been previously reported (4-14), to
which we add 3 new cases . A review of the collective
experience with these 14 patients underscores common
features of clinical presentation, diagnostic evaluation and
pathologic findings .
Case Reports
Case 1 . A 50-year old man reported breathlessness with-
out chest discomfort while hurrying upstairs. Carcinoma of
the cecum had been resected when he was 45 years old;
metastasis to the liver was detected 4 years later .
On examination, the patient was emaciated . The blood
pressure was 100/70 mm Hg, and the pulse rate was 100
beats/min . The jugular venous meniscus was 6 cm above the
right atrium with a positive Kussmaul sign . A short systolic
murmur was heard at the left sternal border, and a prominent
late diastolic sound was noted at the apex . Chest roentgen-
ogram revealed basal atelectasis. Electrocardiography
showed normal sinus rhythm, complete right bundle branch
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who underwent right heart catheterization in which two died . This
procedure should be performed only when absolutely necessary.
Metastatic obstruction of the right ventricular outflow tract
should he considered in the absence of widespread malignancy
because the heart was the sole site of metastasis in 5 of 10 autopsy
patients. Two patients with solitary cardiac metastasis benefited
from resection of the obstructing tumor, underscoring the impor-
tance of early identification of this subgroup.
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block and deep precordial T wave inversions . No previous
electrocardiograpaic (ECG) recordings were available .
Two-dimensional echocardiography (
Fig
. IA) disclosed a
large right ventricular mass adherent to the free wall and
interventricular septum . The septum was displaced leftward
with systolic paradox, but the left ventricle was otherwise
normal . The inferior vena cava, right atrium and pericardium
were normal. The Doppler ultrasound examination demon-
strated a 36-mm Hg gradient in the right ventricular outflow
tract. Late diastolic anterograde flow in the right ventricular
outflow tract was noted after atrial contraction .
Right heart cntheterization was performed through the
right internal jugular vein to confirm the suspected identity
of the mass . Right atria] pressure was 7 mm Hg, right
ventricular pressure was `,0,7 mm Hg and pulmonary artery
pressure was 1518 mm Hg (systolic gradient = 35 mm Hg) . A
biopsy specimen of the mass was obtained with a standard
bioptome under echocardiographic guidance. Histologic
study revealed colonic adenocarcinoma.
The patient received radiation therapy but died 6 weeks
later . Autopsy showed widespread metastatic disease . The
right ventricle was virtually obliterated by a tumor that
encroached on the right ventricular outflow tract (Fig. 1B) .
Case 2 . A 61-year old woman was admitted to the hospi-
tal because of lethargy. The systolic blood pressure was
palpable at 70 mm Hg. The pulse was regular at 120
beatslmin, and the respiratory rate was 26 min . The jugular
venous pressure was increased to approximately 20 cm
water
. A grade 216 ejection murmur was noted at the left
sternal border . Sinus tachycardia, right axis deviation (fron-
tal plane axis + 120°) and poor R wave progression across the
precordium had developed in the year since the preceding
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Figure 1. Case 1 . A, Two-dimensional echocardiographic image .
Parastemal long-axis view shows a large intracavitary mass (T) in
the right ventricle
. B, The heart of the same patient at autopsy 6
weeks after echocardiography shows virtual obliteration of the right
ventricular cavity by tumor
(T(
.
An = aorta; LV = left ventricle .
ECO . Roentgenography of the chest suggested a retrocar-
diac mass .
A Swan-Ganz catheter was placed. Right atrial pressure
was 15 mm Hg, right ventricular pressure was 8510 mm Hg
and pulmonary artery pressure was 30115 man Hg (systolic
gradient 50 mm Hg)
. Repeated attempts to advance the
catheter into the distal pulmonary artery were unsuccessful,
and a proximal obstructive lesion, possibly a large patina,
nary embolus, Was suspected . Cardiopulmonary arrest de-
veloped shortly after catheter placement was attempted, and
resuscitation efforts failed .
Poorly differentiated pancreatic adenocarcinoma was
found at autopsy, with metastatic deposits in the liver as well
as in the mesenteric, periaortic and mediastinal lymph
nodes
. Tumor infiltrated the myocardium of the anterior left
ventricle and free wall of the right ventricle . Intracavitary
tumor growth with adherent thrombus was found in the right
ventricle (Fig
. 2), virtually occluding the outflow tract .
Case 3. A 48-year old woman had undergone left modi-
fied radical mastectomy followed by an 18-month course of
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Figure 2. Case 2. Pathologic specimen shows encroachment of an
intracavitary mass on the right ventricular outflow tract. Superim-
posed thrombotic material was also present. Histolo is study re-
vealed pancreatic adeeocarcinoma. Abbreviation as in Figure 1 .
adjuvant chemotherapy for carcinoma of the breast . Axillary
nodes were negative for tumor. Toward completion of che-
motherapy, progressive dyspnea developed. Examination
revealed a 216 ejection murmur at the left sternal border :
there was no jugular venous distension . The lungs were
clear . The ECG displayed a right bundle branch block
pattern .
Two-dimensional
echocardiography demonstrated a mass
occupying the right ventricle, normal left ventricular func-
tion and no pericardial effusion
. Computed tomography of
the thorax and abdomen corroborated these findings (Fig . 3) .
Computed tomography, bone scan and serologic testing did
not reveal other evidence of metastatic disease
.
At catheterization, right atria) pressure was 6 mm Hg with
a prominent A wave ; right ventricular pressure was
3611 mm Hg and pulmonary artery pressure was 1213 mm Hg
(systolic gradient 24 mm Hg) . The right ventricular mass was
thought to represent a solitary cardiac metastatic lesion and
was surgically resented
. Histologic study confirmed adeno-
carcinoma of breast origin .
The patient experievred reliefof symptoms,
received myo-
cordial irradiation for residual local disease and was free of
cardiovascular symptoms at 1-year follow-up examination .
Discussion
Many conditions may lead to cardiovascular deterioration
in patients with malignant disease . Pericardial involvement
with effusion and cardiac tamponade is the most commonly
recognized cause of hemodynamic compromise
. Obstruction
of the right ventricular outflow tract occurs less frequently
1666
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Figure 3. Case 3 . Computed tomographic sour of the thorax shows
a filling defect (T) in the right ventricle representing metastasis to the
heart from a primary carcinoma of the breast . Arrows define the
plane of the atrioventricular groove . No other metastatic sites were
detected in this patient
. Post = posterior
; RA
= right atrium ; other
abbreviations as in Figure I .
and is most often a consequence of compression by an
extrinsic mass (15,16) . When right ventricular outflow tract
,,,tru. :ion is cas;c .. Ly k ; ia,, ss,near, ss, the lc^ r is
usually of primary cardiac origin . Seymour et al. (I5) re-
ported on 13 cases of right ventricular outflow tract obstruc-
tion, 12 from extrinsic compression and I from sarcoma of
the pulmonary valve. The 11 cases of right ventricular
outflow tract obstruction from intracavitary growth of met-
astatic tumor previously reported (4-14) and our 3 additional
cases are summarized in Table I . A review of this series
permits some generalizations.
Clinical presentation . The clinical presentation of pa-
tients with malignant disease in whom right ventricular
outflow obstruction develops is that of subacute cardiovas-
cular disease. Fight heart failure, shortness of breath, chest
pain or hypotension may initially be misinterpreted as a
manifestation of more common entities, such
as pericardial
or pulmonary embolic disease . Although most cardiac met-
astatic growths occur in patients with a known history of
malignant disease, it is not unusual to have symptoms and
signs attributable to right ventricular outflow tract obstruc-
tion as the initial manifestation of the cancer
.
This was the
presentation in 5 of the 14 patients (Cases 2, 9, 10, 11 and
12), all reported after 1910, in 4 of whom the diagnosis of
carcinoma was not made until surgery or autopsy (Table I) .
A systolic ejection murmur is invariably present on car-
diac examination
. The development of a new ejection mur-
mur, although possibly related to anemia or other factors
causing an increased cardiac output in advanced carcinoma,
should at least raise the question of cardiac metastasis .
Diagnostic tests . Some suggestion of right ventricular
overload, such as the presence of right axis deviation, right
ventricular hypertrophy or right bundle branch conduction
1ACC Val. 19, No . 7
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abnormality, was present on the ECG in I I of 13 patients
.
Although nonspecific . the development of any of these
findings, especially right bundle branch block, should sug-
gest the possibility of intracavitary right ventricular metas-
tasis.
A variety of diagnostic imaging and hemodyvtarnic tech-
niques
have been applied in the cases reviewed, including
echocardiography, computed tomography, nuclear magnetic
resonance imaging . right heart catheterization and right
ventricutography . Extreme caution should be exercised in
the performance of right heart catheterization . Acute hemo-
dynamic compromise developed in one patient (Case 4)
during advancement of the catheter through the right ven-
tricular outflow tract, but the patient recovered promptly on
withdrawal of the catheter . One patient (Case 9) died during
an unsuccessful attempt to pass the catheter through the
pulmonary valve, despite withdrawal of the catheter into the
right ventricle . In another patient (Case 2), cardiac arrest
ensued shortly after placement of a
Swan-Ganz catheter.
Hemodynamic deterioration can occur as a consequence of
the occlusion of the narrowed outflow tract channel either
directly by the catheter or by dislodgment of superimposed
friable thrombus material from the tumor,
Echocardiography is a safe method well suited to estab-
lish the presence, delineate the extent and assess the func-
aoaal significance of a cardiac mass as well as exclude
concomitant metastatic involvement,
such as pericardial
effusion . Doppler ultrasound examination also permits a
detailed evaluation of the intracardiac flow dynamics
in
these patients, as exemplified by the identification and
quantitation of the gradient across the right ventricular
outflow tract in our patient (Case I).
In view of the potential for complications and the avail-
ability of noninvasive diagnostic alternatives, right heart
catheterization should be perfor,a .d only when biopsy of the
metastatic mass is absolutely necessary . If biopsy is per-
formed, echocardiographic guidance is helpful to establish
the position of the bioptome, to ensure acquisition of diag-
nostic biopsy material and to detect superimposed mobile
thrombus . Computed tomography and nuclear magnetic
resonance imaging may also contribute sdbstantially to the
evaluation of patients with cardiac neoplasm (6,17,18).
Pathology, Although carcinomas arising from pancreatic
and breast tissues have not been previously implicated in the
development of right ventricular outflow tract obstruction, it
is evident that tumor of virtually any tissue type may result
in such obstruction, although it is difficult to draw firm
conclusions about relative frequency from the small number
of cases . Although it is widely recognized that cardiac
metastases originate most often in carcinoma of the lung or
breast, melanoma and leukemia (1,2), colonic adenocarci-
noma was the most common tumor causing right ventricular
outflow tract obstruction, accounting for 4 of 14 patients .
The right ventricle ultimately receives drainage from both
the venous and lymphatic systems and is thus a likely site of
metastasis . This may explain the higher frequency of metas-
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tasis to the right side of the heart (3) and the relative
preponderance of metastatic right ventricular outflow Tract
obstruction with respect to metastatic left heart involve-
ment . Current medical therapy, which affords longer sur-
vival with metastatic disease, may permit more fully devel-
oped metastasis to be expressed
.
Prognosis
. The prognosis of patients with metastatic right
ventricular cutflow tract obstruction remains poor, particu-
larly when cardiac metastasis occurs in the setting of a
widespread malignant process . However, the heart
may be
the sole site of metastasis. This condition was observed with
surprising frequency, occurring in 5 of the 10 patients from
whom autopsy information was available and in both pa-
tients who underwent successful surgical excision (Cases 2
and 6, Table 1). The identification of patients whose disease
is limited to the heart is important because surgery may be
effective in patients with resectable disease whose primary
tumor is controlled (19). That one patient in the present
series (Case 3) and one previously reported patient (Case 6)
derived major clinical benefit from palliative resection of the
obstructing tumor underscores the value of correctly identi-
fying this subgroup.
Conclusions. The clinician should maintain a heightened
awareness of direct cardiac involvement by metastatic dis-
ease even in the absence of an advanced widespread malig-
nant process because the heart may be the sole site of
metastasis. Right ventricular outflow tract obstruction
should be suspected in the presence of new congestive
symptoms, especially when associated with either a new
systolic murmur in the pulmonary area or with the appear-
ance of right bundle branch block on the ECG .
Echoca-diography is particularly well suited for identify-
ing metastasis and evaluating its hemodynamic impact . Right
heart catheterization is potentially hazardous and should be
avoided unless biopsy from the metastatic lesion is essential.
Recognition of this condition is important so that early
palliative radiation therapy can be given to radiosensitive
tumors and surgical excision can be considered in appropri-
ate candidates.
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